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(54) Shiga toxin B-subunit as a vector for tumor diagnosis and drug delivery to GB3 expressing 
tumors 



(57) The invention relates to new compounds for 
cancer therapy or diagnosis and more specifically to the 
use of a non-toxic B sub unit of Shiga toxin mutant as a 
vector for diagnostic products or drugs in over-express- 
ing Gb 3 receptor cells, such compounds having the fol- 
lowing formula: STxB-Z(n)-Cys-Y(m)- T wherein 

STxB is the Shiga Toxin B subunit or a functional 
equivalent thereof, 

Z is an amino-acid devoided of sulfydryl group, n 
being 0, 1 or a polypeptide, 
Cys is the amino-acid Cysteine, 



T is a molecule linked by a covalent bound to the S 
part of Cys, 

Y is a linker between T and Cys. 
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Descripti n 

[0001 ] Th inv ntion r lates to new compounds for cancer therapy or diagnosis and more specifically to the use of 
a non-toxic Shiga toxin B subunit mutant as a vector for diagnostic products or drugs in Gb 3 over-expressing receptor 
5 cells. 

[0002] Despite decades of fundamental and clinical research in the field of oncology, the long-term prospect of pa- 
tients with aggressive disease remains daunting. One of the principle limitations of current treatments of cancers, 
chemotherapy and radiotherapy, is the lack of targeting to cancer cells. The most rational and successful approach to 
targeting involves conjugating specific cancer ceil surface ligands (e.g. monoclonal antibodies, peptide hormons, ...) 
10 with cancer chemotherapeutics, radioactive isotopes, or biological toxins in the hope of promoting their localization in 
tumor cells. 

[0003] Cell transformation and oncogenic development are accompanied by changes in the expression and the 
structure of glycosphingolipids. It is generally believed that these changes are related to the proposed functions of 
glycosphingoiipids in cell adhesion and cellular signaling. Indeed, together with cholesterol, the glycosphingolipids are 

15 major components of membrane microdomains (rafts) that play a central role in receptor aggregation and receptor 
interaction with signaling molecules, such as kinases of the Src family. In addition, a role for glycosphingolipids and 
membrane microdoamins in intracellular sorting is currently evaluated. According to the so-called "raft hypothesis" 
proposed by Simons and coworkers, asymmetry in the lipid and protein distribution in the lateral plane of membranes 
contributes to membrane sorting to distinct intracellular destinations. 

20 [0004] The GSL globotriaosyl ceramide (Gt>3 or CD77) is expressed on a narrow range of committed B cells and 
associated B cell lymphomas (Gordon et a!., 1983; Kalisiak et al., 1991 ; Mangeney et al., 1991; Murray et al., 1985; 
Oosterwijk et al., 1991). Indeed, it was recently reported that binding sites for Gb 3 -specific ligands could be detected 
on all grades of follicle centre cell lymphomas, with more than 70% of patient tumor samples being positive (LaCasse 
et al., 1 999). 30-40% of samples from patients with small lymphocytic lymphomas, large B cell lymphomas, or multiple 

25 myeloma were also found to be positive. Ovarian hyperplasias (Arab et al., 1 997) and cell suspensions obtained from 
human breast tumors (LaCasse et al., 1999) were tested positive for Gb^. Finally, Gb 3 was also markedly increased 
in a number of cell lines derived from human astrocytomas (Arab et al., 1999). 

[0005] In the light of the described Gb 3 expression on human cancer cells it is tempting to propose the use of the 
lipid for vectorizarjon purposes. Natural ligands of Gb 3 have been described, the bacterial protein toxins Shiga toxin 

30 from Shigella dysenteriae and the verotoxins from Escherichia coli (Lingwood, 1996; Sandvig and van Deurs, 1996). 
These toxins are composed of two subunits. The enzymatic A-subunit modifies ribosomal RNA thus leading to an 
inhibition of protein biosynthesis. For cellular binding and intracellular transport, the A-subunit has to interact with the 
non-toxic B-subunit, a homopentamer of 5 B-f ragments. The B-subunit binds, under certain conditions in a cooperative 
manner, to 10-15 Gb 3 molecules. This clustering leads to the association of the toxin with membrane microdomains, 

35 an important event for the intracellular trafficking of the toxin (Falguieres et al., 2001). In toxin sensitive cells, Shiga 
toxin and its non-toxic B-subunit are targeted by retrograde transport from the plasma membrane to the endoplasmic 
reticulum, via the early endosome and the Golgi apparatus (for a review, see (Johannes, 2002)). At the level of the 
endoplasmic reticulum, the A-subunit then passes via retrotranslocation across the membrane into the cytosol. It is 
important to note that some ceil types are resistant to the action of the toxin, despite the expression of GD3 (Falguieres 

*o et al., 2001). This is likely related to an altered intracellular transport pattern in these cells (Falguieres et al., 2001). 
[0006] Shiga Holotoxin has been described as an anti-tumor agent in xenograft transplants in mice (Arab et al., 
1999). Furthermore, it eliminates clonogenic tumor cells in purging applications (LaCasse et al., 1996). However, the 
use of the holotoxin as a therapeutic agent has important limitations. First, the action of the A-subunit of the toxin is 
not tumor cell specific. Second, the holotoxin is a large protein whose capacity to infiltrate solid tumors is limited. Third, 

45 a large bacterial protein as the holotoxin leads to an efficient immune response. Forth, the necessity to maintain si- 
multaneous GD3 and A-subunit binding limits the possibility to introduce mutations that favor immune evasion or intra- 
cellular targeting. 

[0007] In this invention, we have therefore used the B-subunit of Shiga toxin as a cancer cell vectorization means, 
in the absence of the A-subunit. A previously constructed B-subunit mutant was used that allows site directed chemical 

50 coupling to the B-subunit, preserving its interaction with Gfc^. 

[0008] More particularly, the B-subunit mutant, or derivative named STxB-Z(n)-Cys, wherein n is 0 or 1 , has been 
designed. In this protein, a Cysteine is added at the C-terminus of mature STxB. The protein, when purified from 
bacteria, carries the internal disulfide bond, as wild type STxB, while the sulfhydryl group at the C-terminal Cys is free. 
Due to their nucieophiiicity, free sulfhydryl groups are excellent acceptors for directed coupling approaches (Philippe 

55 Schelteetal., 1999). 

[0009] Thes mutants can be used as universal cam rs for targeting molecules to GD3 receptor expressing cells. 
[001 0] Thus, the present invention relates to an hybrid compound for the diagnostic or therapy of cells over-express- 
ing the receptor Gb 3 , having the following formula: STxB-Z(n)-Cys-Y(m)-T, wherein: 
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STxB is th Shiga Toxin B sub unit or a functional equivalent th reof , 
Z is an amino-acid devoided of sulfydryl group, n being 0, 1 or a polypeptide, 
- Cysisth amino-acid Cysteine, 

T is a molecule linked by a covalent bound to the S part of Cys, selected in a group comprising of: 

5 

agents for in vivo diagnostic, 
cytotoxic agents, 
prodrugs, 

enzymes for the conversion of a prodrug to a drug, 

w 

Y is a linker between T and Cys, said linker being cleavable or not for the releasing of T after the internalization 
of the hybrid compound into said cells, m being 1 or 0. 

[0011] In the invention, T is operably linked to Cys directly throught a covalent binding or indirectly through a linker, 
'5 Y, allowing or not said releasing of T moiety. 

[0012] In a preferred embodiment, n = 0, and the universal carrier has the following sequence (SEQ ID No 1 ): 

COOH MKKTLLIAASLSFFSASALATPDCVTGKVE YTKYNDD 
20 DTFTVKVGDKELF TNRWNLQSLLLSAQITGMTVTIKTNACHNGGGFSEVI 

FRC - NH2 

[0013] As a matter of fact, if the Z linker is too long, i.e., when n is equal or greater than 2, some internal disulfide 
25 bridges might occur, and prevent either the binding of STxB to the Gb3 receptor and especially prevent the binding to 
the molecule of interest. 

[0014] The invention results from the constatation that cancer cells, and more particularly tumors, and more partic- 
ularly intestinal and colorectal tumors, over-express Gb 3 receptor, as can be seen in table 1 , figure 1 and figure 2 
hereinafter. Gb 3 is not present in normal intestinal epithelia in humans (Jones et al., 2000). Accordingly, It has been 

30 shown that Gb 3 is present in low to undetectable levels in mouse. On the contrary, Gt^ is over-expressed in the human 
colon cancer cell line CaC02 (Jones et al., 2000). Thus, it constitutes an excellent marker to distinguish between tumor 
cells and normal intestinal cells both in humans as well as in murine models. This differential pattern of Gb 3 expression 
provides the basis for the new therapeutic and diagnostic developments of the present invention in colorectal cancer, 
and more generally in any GD3 over-expressing tumor or cancer cell. 

35 [001 5] I n one embodiment, the hybrid compounds of the invention can bear a T moiety beeing a constrast agent for 
the detection of Gb^-expressing cancer cells by life-imaging techniques such as Magnetic Resonance Imaging (MRI). 
Other non-invasive life imaging techniques include two-photon microscopy, contrast enhanced ultrasound, contrast 
enhanced X-ray, computed tomography, isotope scanning, contrast enhanced thermography. 
[001 6] More particularly, said contrast agents can be selected in a group comprising paramagnetic compounds, such 

40 as porphyrin-gadolinium, porphyrin-manganese, synthetic polymer-gadolinium, gadolinium-ethoxybenzyl-diethylene- 
triaminepentaacetic acid, DOPTA-gadolinium, ferrofluide and nanoparticules, which are then administrated to humans 
or animals. 

[0017] The present invention also pertains to the use of such compounds for in vivo diagnostic of tumors, more 
specifically for MRI diagnostic. The use is advantageous for intestinal and colorectal cancers as far as it has been 

45 shown that GD3 receptors are expressed specifically in cancer cells but not in normal cells. 

[0018] In another embodiment, the hybrid compounds of the invention can bear as a T moiety a tumor specific drug 
or pro-drug which is vectorized to tumor-specif ic transport pathways in Gb 3 -positive cancer cells allowing the increase 
of the specificity of these treatments. T moiety might also be a pro-drug activator while the pro-drug alone is adminis- 
tered directly by any known drug delivery system, i.e. by systemic, transdermic, oral, rectal administration. 

so [001 9] Overall, the use of the B-subunit as a cancer targeting means has the following advantages. First, due to its 
small size, tissue penetration with the B-subunit is efficient. Second, the antibody response to the B-subunit is inefficient. 
Third, tumor-selective compounds can be coupled to the B-subunit. Forth, tumor-specific transport pathways can be 
exploited to increase the efficiency of the treatment. Fifth, when modifications of the B-subunit are done, only Gb 3 
binding needs to be preserved. 

55 [0020] In one aspect of invention, the drug is a photosensitizing drug suitable for Dynamic Phototherapy (DPT). DPT 
is a recently developed techniqu for th treatment of solid human tumors. It is based on the targeting to and photoac- 
tivation of dyes such as porphyrins or related system within tumor tissue. Th molecular events are beginning to be 
understood, such as cellular death through apoptosis and other mechanisms, implicating mitochondria, nuclei, ... Some 
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photosentizing drugs are air ady used in the clinics (Photofrin®, Foscan®, ...). However, these substances have a 
number of inconveniences, most notably the absence of tumor-specific targeting. Sev ral strategies have been pro- 
posed to improv th tumor s lectivity of photosensrtiz rs. These include th us of adapted delivery systems such 
as liposomes, lipoproteins, monoclonal antibodies, nan particules to modify biodistribution of dyes. Another approach 
s developed at the Instftut Curie is to modulate the amphiphilicity of th macrocycle. Structural modifications induced 
by glycoconjugation of the tetrapyrrolic system is an effectiv means to create a balance between hydrophilicity and 
hydrophobicfly. Following this approach, neutral tri- and tetra-grycoconjugated tetrapyrrolic macrocycles were prepared 
and evaluated in vitro for their photocytotoxicity (Momenteau et al., 1 999). 

[0021 J Therefore, a glycoconjugated, relatively hydrophilic tetrapyrrolic macrocycle (porphyrin) has been synthesized 
io carrying a bromo-benzyi group that allows coupling to STxB/Cys. Synthesis, coupling, and purification of this compound 
to STxB/Cys are described hereunder. In contact with tumor cells, the therapeutic compound composed of STxB/Cys 
and the glycoconjugated porphyrin accumulates stably in the endoplasmic reticulum and the Golgi apparatus. The 
phototoxicity of the porphyrin can then be activated locally by irradiation with visible light after the clearance of the 
cytotoxic compound from cells that need to be preserved, such as dendritic cells in which STxB does not target the 
15 retrograde route (Falguieres et al., 2001). 

[0022] In another aspect of the invention, T is a cytotoxic agent. Said cytotoxic agent might be toxic for the cell after 
internalization either directly , or indirectfy through the action of a second component, said second component acting 
as a mean for transforming a pro-drug into a cytotoxic drug. 

[0023] One example of cytotoxic agent is Neocarzinostatin (NCS). In this case, m = 0 and T is the holo-NCS. 

20 [0024] Holo-neocarzinostatin (holo-NCS) is the prototype of the protein antibiotic family. It is a 11 .3 kDa complex 
consisting of a dodecadiyne antibiotic (NCSch^) which contains the cytotoxic activity, reversibly bound to a carrier 
protein known as apo-neocarzinostatin (apo-NCS) (for a review, see (Favaudon, 1982)). Holo-NCS is active in the 
nanomolar range, and NCS Chrem cleaves DNA in the course of a suicide reaction leaving no residual active drug after 
a few minutes incubation. No resistance to NCS Chrom associated with reduced drug import (MDR) has been reported. 

25 [0025] The major DNA lesions induced by NCSq^,, in DNA result from radical attack and consist of a blunt end 
break bearing a thymidine-5'-aldehyde residue on one strand, with an abasic site at two nucleotide interval on the 
complementary strand. This abasic site is substrate for endonuclease III in such a way that NCS^^^-induced damage 
is very rapidly converted into DNA double-strand breaks in Irving cells. Mutants of E. colt, yeast or mammalian cells 
defective in any pathway of double-strand break repair, most notably th rough a defect in DNA-dependent protein kinase, 

30 are consistently hypersensitive to induced cell kill by NCS. 

[0026] The purification of NCS, the method for obtaining the hybrid compound wherein NCS is covalently linked to 
Cys, and the cytotoxic effect of this hybrid compound are illustrated in example 1 hereinafter. 
[0027] In another embodiment of the hybrid compounds of the invention, T is a prodrug and m = 1 . Prodrugs are 
defined as therapeutics agents which are inactive but are transformed in active metabolites by biotransformation. The 

35 pro-drug is then transformed by a second component inside the cell after internalization of the hybrid compound. Said 
second component might be a ceil metabolite such as an enzyme. An exemple of this embodiment is an hybrid com- 
pound wherein T is a cytotoxic drug such as anthracyclins (daunomycin, doxorubicin, daunorubicin...), idarubicin, cis- 
platinium, mitomycin C, desacetyfvinblastine, methotrexate, N-acetylmelphan, 5-fluoro uracil, nitrogen mustards, caii- 
cheamicin, maytansinodids, and Y is a linker sensitive to an endogeneous enzyme such an mannosidase. 

40 [0028] Another embodiment includes the approach described by (Saxon and Bertozzi, 2000). A sugar precursor 
containing an azido group is targeted to cancer cells via STxB/Cys. After liberation of the azido-carrying sugar in the 
Golgi apparatus, this is integrated into carbohydrate chains of the cancer cell. In interaction with a phosphin -carrying 
prodrug, a therapeutic compound is liberated that specifically acts in the tumor environment 
[0029] Another embodiment includes the use of amidoximes (N-Hydroxyamidines) as pro-drugs, cleavable by en- 

45 dogeneous reductases. 

[0030] Several reductases are responsible for the reduction of amidoximes to amidines. A microsomal enzyme sys- 
tem has been purified from pig and human liver consisting of cytochrome b5, its reductase and a P450 isoenzyme 
(Clement B et al., 1 997). A similar enzyme system is present in mitochondria. Reductive activities are located in several 
organs such as liver, kidney, lung and even brain. 

so [0031] In another formulation, prodrugs are made incorporating linkages that are sensitive to mannosidase. These 
are coupled to STxB/Cys and targeted to Gb 3 expressing cancer cells. In this case, the activation of the prodrug occurs 
in the Golgi apparatus of the cancer cell using endogenous mannosidase without prior vectorization of the enzyme. 
[0032] In another embodiment, the said second component in an hybrid compound according to the invention wherein 
T is an enzyme for the transformation of the pro-drug into drug, when said enzyme is not present endogeneoufy or is 

55 not present in the targetted compartment of the cell, i.e. the golgi apparatus. 

[0033] On xampl is the use of prodrugs that contain glucoronic acid conjugat d through a linker moiety to the 
aminoglycoside of doxorubicin. Such prodrugs are synth sized as described in (Bakina and Farquhar, 1999). The 
anthracycline prodrug can be converted to doxorubicin by p-glucuronidase. In this case, the T moiety of the second 
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coumpound is the ^-glucuronidase. In a first step, glucuronidase is coupled to STxB/Cys as described her under for 
BSA and NCS. The coupling product is targeted to the endoplasmic reticulum of GD3 expressing tumors cells and 
retained in this compartm nt. In other cells, such as dendritic cells, the coupling product is rapidly degraded (Faiguieres 
et al., 2001). In a second step, the prodrug is coupled to STxB/Cys. The product can be activated in cells that have 
5 retained th STxB/Cys-0-glucuronidase coupling product (cancer ceils), but not in cells that have lost this product 
(dendritic celts). 

[0034] In another embodiment, the prodrug is a nucleotide analog which, after enzymatic transformation, can be 
incorporated into the replicating DNA and stop said replication. Such prodrugs for gene suicide cancer therapy are 
reviewed in Singhal S. et al. (1999). One example is an hybrid compound wherein T is Ganciclovir (GCV) or acyclovir 

10 (ACV), and Y is a linkage cleavable by an endogeneous enzyme such as mannonidase. The second component is a 
second hybrid compound wherein T is the Thymidine kinase of Herpes Simplex Virus (HSV 1 -TK). This enzyme can 
convert GCV or ACV to GCV monophosphate or ACV-monophosphate. These monophosphate nucleosides are then 
phosphyrylated to diphosphate and to triphosphate nucleotide analogs by endogeneous kinases. GCV-triphosphate 
lacks the 3' OH on the deoxyribose as well as the bond between the 2* and 3' carbons which are necessary for DNA 

is chain elongation. A a result, GCV-triphosphate integration causes premature DNA chain termination and leads to ap- 
optosis. 

[0035] Thus, the present invention encompass also: 

hybrid compounds wherein Y is an enzyme cleavable linker selected in a group comprising reduced and non- 
20 reduced folates cleavable by carboxypeptidase G, phosphate groups from phosphorylated prodrugs cleavable by 
alkaline phosphatase, hydrolyrjc cleavable compounds by carboxypeptidase A, nitroreductase for prodrug activa- 
tion, hydrolysis of lactam ring cleavable by beta-lactamase, amide cleavable by penicillin amidase, cytosine deam- 
idase for prodrug activation, glucoronic acid cleavable by beta-glucoronidase, galactose cleavable by galactosi- 
dase, man nose cleavable by mannosidase. 
25 - hybrid compounds wherein Y is selected in a group comprising non-selective linkers such as glutaric acid, dian- 
hydride of diethylenetriaminepentaacetic acid, carbodiimide..., acid cleavable linker such as cis-aconitic anhydride, 
acyt hydrazones, Schrff bases, trttyl linkers, fysosomalty degradable, disulfide, linkers such as SPDP. 

[0036] The skilled person can easily adapt this strategy of pro-drug conversion using the Hybrid compounds accord- 
30 ing to the invention to any known pro-drug principle, and more particularly to the multiple and complementary suicide 
therapies. The synergistic effect of the multiple suicide strategy enables lower doses or individual drugs for maximum 
sensitivity and reduces cytotoxicity in nontransduced ceils. Furthermore, development of resistance to the suicide 
strategy is greatly reduced when two (or more) separate pathways are targeted. 

[0037] The present invention pertains to the use of an hybrid compounds of the formula STxB-Z(n)-Cys-Y(m)-T for 
35 the therapies of Gb 3 expressing cells. One example of these cells are intestinal, and particularly colorectal cells which 
express Gb 3 receptor only when they are tumor cells. 

[0038] The present invention also pertains to pharmaceutical compositions containing at least one hybrid compound 
of the formula STxB-Z(n)-Cys-Y(m)-T for the diagnostic or therapy of cancers having over expressing Gb 3 receptor 
cells, with acceptable pharmaceutical carriers. 

40 [0039] It should be understood herein that pharmaceutical compositions apply either for in vivo diagnostic and to 
therapy of cancers ceils or tumors and might contain any of the hybrid compounds described herein. 
[0040] A pharmaceutical composition according to the invention might be composed of one or more components to 
be administered in one step or sequentially in time. For example, a first component is a pharmaceutical composition 
containing as an active component an hybrid compound wherein T is an enzyme, and for example 0-glucoronidase 

45 which is first administrated to a patient bearing a tumor having over-expressing GD3 receptor cells; this first component 
is administered once to such patients; the second component of the pharmaceutical composition contains an hybrid 
compound according to the invention wherein T is a prodrug and Y is glucoronic acid; this second component of the 
pharmaceutical composition might be administered to the patient sequentially in the time with repetrted administrations 
to obtain a long term effect of the therapy. 

50 [0041] A pharmaceutical composition according to the invention is particularly interesting for intestinal tumors and 
more particularly for colorectal tumors as far as, it has been demonstrated herein, first that these tumors express 
specifically Gb 3 receptor and second that the pharmaceutical compositions bearing pharmaceutical carriers for oral or 
rectal administration are effective after an oral or rectal administration of the pharmaceutical composition. 
[0042] The present invention also pertains to a method for inducing the death of cancer cells bearing over expressing 

55 Gba receptors, the method comprising administering an effective amount of at least one hybrid compound described 
h r in above, such that cancer cells death occurs. 

[0043] Th invention also pertains to a method for in vivo diagnostic of cancer or tumor cells over-expressing Gb 3 
receptor, this method comprising administering an effective amount of an hybrid compound having a T moiety which 
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is a contrast agent. 

[0044] The method for the manufacturing an hybrid compound of the invention is described in PCT/EP 02/01 627. 
Briefly: 

The universal part of the hybrid compound, i.e. STxB-Z(n)-Cys might be manufactured by a recombinant cell line 
5 obtained by transformation with a recombinant vector or plasmid comprising a polynucleotide sequence needing the 
STxB-Z(n)-Cys part of the hybrid compound. More particularly, the sequence including such molecule is an isolated 
polynucleotide selected from the group of: 

(a) a polynucleotide comprising the nucleotide sequence STxB encoding the Shiga Toxin B subunit or a functional 
io equivalent thereof bearing at its 3'end the codon TGT, or the codon TGC encoding Cysteine; 

b) a polynucleotide comprising a nucleotide sequence having at least 80% sequence identity to a nucleotide se- 
quence encoding the Shiga toxin B-subunit or a functional equivalent thereof bearing at its 3*end the codon TGT 
or TGC; and 

c) a nucleotide sequence complementary to the sequence in a) or b). 

15 

[0045] The coupling approaches for covalent binding of -Y(m)-T moiety to STxB-Z(n)-Cys, m being 0 or 1 , can be 
any method or processes described or carried out by a skilled person. 

[0046] A first method that can be embodied is the use of SPDP hetero-bi -functional cross-linker described par Carls- 
son et al. However, SPDP is capable of being cleavable by serum thiolases that is a cause of decreasing the yield of 
20 the reaction. 

[0047] A second method for covalent coupling of STxB -Z(n)-Cys peptides with another peptide of interest is to 
produce bromoacetyl or maleimide functions on the latter as described by P. Schelte et al. Briefly, the peptide of interest 
is chemically activated with bromoacetate anhydride or by a maleimide group respectively. In appropriate reaction 
conditions (pH, temperature, incubation times), these groups are eliminated by cis-elimination, yielding respectively to 
25 -S-S, -S-CH 2 - P to -S-CO- or to -S-NH-covalents linkages. 

[0048] As an example, the polypeptide or the peptide to be coupled to the -SH moiety the C-terminal Cysteine of the 
universal carrier, has its N-terminus activated with bromoacetic anhydride following the reaction scheme: 

30 BR-CH2-CO-0-CO-CH2-BR+NH2-PEPTIDE=>BR-CH2-CO-NH- 
PEPTIDE+BR-CH2-COOH 

35 [0049] The Bromoacetyl function has high chemoselectivity for peptide thiol groups and the activated peptide can 
be reacted with STxB-Cys as follows: 

STxB-Cys-SH+Br-CH2-CO-NH-peptide=>STxB-Cys-S-CH2- 
CO-NH-peptide+HBr 

[0050] The resulting thioether-linkage is stable to hydrolysis. 

[0051] Another method for coupling a molecule to the universal carrier of the invention is to use MBS (m-Maleimi- 
45 dobenzoyl-N-hydroxysuccinimide ester) as shown in figure 9. This coupling allows the transport and processing of 
large molecules such as enzymes. 

[0052] Another example for the coupling of complex molecules such as metalloporphyrines is shown in example 2 
herein after. 

[0053] Without limiting the scope of the hybrid compounds of the invention, their use and the pharmaceutical com- 
50 positions, the hereinafter examples and figure illustrate the advantages of the present invention. 

LEGENDS OF THE FIGURES: 

[0054] 

55 

Figure 1: Uptake of STxB by intestinal tumors aft r 2.5 h, comparison with normal tissue. Upper panels: normal 
duodenum, lower panels: tumor from th periampullar region. Left panels: nuclei ar stained with Hoechst dye. 
Right panels: anti-STxB staining. 
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Figure 2: In normal tissue, nteroendocrine celts tak up STxB. A region from normal duodenum is shown, nuclear 
staining with Hoechst (upper left pan I), anti-chromogranin A/B antibody (upper right panel) and anthSTxB antibody 
(lower left pan I)- Lower right pan I shows a superpositi n of th three stain ings: nuclei (blu ), chromogranin N 
B (red), STxB (green). Yellow color demonstrates co localisation of chromogranin and STxB. 

5 

Figure 3: Uptak of STxB by intestinal tumors after 24 h, comparison with normal tissue. Upper panels: normal 
duodenum. Lower panels: tumor from the periampullar region. Left panels: nuclei are stained with Hoechst dye. 
Right panels: anti-STxB staining. 

10 Figure 4: STxB is not present in control tissue (liver), even after 24 h. Upper panels: a non-treated control animal. 

Lower panels: animal treated with STxB after 24 h incubation. Left panels: nuclear staining (Hoechst), right panels: 
anti-STxB staining. 

Figure 5: Structure of the water-soluble metallo-porphyrin that is coupled to STxB/Cys. 

is 

Figure 6: Synthesis of compounds that are coupled to STxB/Cys to function as a contrast agents in RMi (ll-M) or 
as an anti-tumor cytotoxic drugs for PDT (II). 

Figure 7: Optical, absorption spectrum of holo-NCS/STxB after incorporation of NCS Chrom and filtration over 
20 sephadex G25 to remove excess, non-specifically bound NCS chrom. 

Figure 8: Summary of the effect of low temperature (0°C) and PPMP on the response of HeLa cells to 4 nM 
(relative to NCS chrom) holo-NCS or holo-NCS/STxB. Blanks are treated on ice for control. 

25 Figure 9: Scheme of MBS coupling method. 

EXAMPLE 1 : VALIDATION OF THE MOUSE MODEL FOR IN VIVO DIAGNOSTIC AND THERAPEUTIC 
ADMINISTRATION OF HYBRID COMPOUNDS 

30 [0055] The murine model bears a colorectal cancer. 

[0056] Pilot experiments were performed to examine the tissue distribution of STxB at 2.5 hours or 24 hours post- 
injection. The STxB is taken up extensively in the tumoral tissue, but not in normal intestinal epithelium, which expresses 
low levels of Gb 3 . The mouse can then be anaesthesized and analyzed by NMR, and the tumoral tissue is detectable 
by enhanced contrast to the surrounding tissue. Since the STxB is non-toxic, this procedure can be applied repeatedly 

35 for longitudinal studies of tumor development or tumor regression upon treatment. 

1 .1 : Gba is strongly over-expressed in intestinal tumors: Overlay analysis 

[0057] Three genetically modified mouse models for colorectal cancer are used, and they show essentially the same 
40 results in this study. We use transgenic animals that express oncogenic Ras under control of the villin promoter in 
intestinal epithelium, with the genetic background B6D2 (Tg villin-K-ras V12G; (Janssen et al., 2002) and the mouse 
line Apc 1638N that carries a heterozygous mutated allele of the Ape (adenomatous polyposis coli) locus in the C57BI/ 
6 background (Fodde et al., 1994). Furthermore, a double transgenic line RasAPC is created by crossing the two 
transgenic lines. The animals used have an age of >6 months and a weight of 25-35 grams at the time of injection. 
45 The mice are maintained under a 12 hour light-dark cycle and fed with standard diet and water ad libitum. 

[0058] Intestinal specimens are processed immediately after sacrificing the animal. Small and large intestines are 
opened longitudinally, tumorous regions are dissected together with surrounding normal tissue and either embedded 
for cryosections (see below), or fixed in AFA (75% ethanol, 20% formalin, and 5% acetic acid) for 24 hours. After 
embedding, three |im thick sections are cut from the tissue blocks, dewaxed, rehydrated and processed by routine 
so h&E staining. Tumors are classified and graded according to the World Health Organization classification of tumors 
(Hamilton and AaJtonen, 2000). Adenocarcinomas are considered invasive if malignant epithelial cells, arranged in 
glandular and/or trabecular structures, are found invading at least the submucosa. 

[0059] Lipid extraction is done according to the method of Bligh and Dyer (Bligh and Dyer, 1959). Normal and tumor 
samples are homogenized in 1 ml aqueous buffer and injected into 3.75 ml of chloroform :methanol (1 :2). After mixing, 
55 1 .25 ml of chloroform and 1 .25 ml of water are added. Phases are separated after mixing, and the hydro-alcoholic 
phase is washed once with 1 .5 ml of chloroform. Th combined chloroform phases are dried under nitrogen, and lipids 
are saponified at 56°C for 1 hour in 1 ml of methanol/KOH. The saponification reaction is once again extracted as 
described above, and th chloroform phase are washed once with methanol water (1:1). The isolated neutral glycolipids 
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ar spotted on high performance-TLC plates (Merck, Darmstadt, Germany) and separated with chlorof rm:methanol: 
water (65:25:4). Dried plates are s aked in 0.1% polyisobutylmetacrylate in hexane, floated for 1 hour in blocking 
solution, followed by incubation with STxB (20 nM), primary polyclonal anti-STxB and secondary hors radish perox- 
idase- or alkaline phosphatase-coupled anti-rabbit antibodies. Reactive bands are revealed using enhanced chemilu- 
s minescence or ch mifluorescence (Amersham Pharmacia, Littl Charfont, UK) and Phosphorfmager. 
[0060] GD3 expression levels are compared between normal and tumor tissue. 

[0061] Table 1 hereunder shows Gb 3 extraction experiments on non-tumor (control) and tumor intestinal tissue from 
transgenic Ras/APC mice. Data are expressed as u.g of Gb 3 per mg of tissue. Lipid extraction and quantification is 
done as described in (Falguieres et al. ( 2001). 

10 

Table 1 



Experiment 


Control 


Tumors 


1 


12, 12 


40, 51 


2 


11,9,9 


32, 39, 270, 28 


3 


12 


26 


Means 


10.8 ± 


69.4 ±82 




1.3 





[0062] Systematically, a 3 to 4 fold increase is observed in the tumor tissue, ft should be noted that tumor tissue also 
contains variable levels (50-90%) of non-tumor cells. Therefore, the quantification as presented in Table 1 is underes- 
timating the actual over-expression of Gb 3 in the tumor cells. Indeed, one tumor sample expressed 30 fold more GD3 
than normal tissue. 



25 1 .2: Gbfl is strongly over-expressed in intestinal tumors: STxB-Cy3 labelling on tissue sections 

[0063] STxB-Cy3 labeling of cryosections is carried out to detect endogenous Gb 3 in normal intestinal and tumor 
tissue of otherwise untreated animals. A stock solution of STxB-Cy3 (0.22 mg/ml) is diluted 22 fold in PBS+0.2 % BSA 
(final concentration 10 u.g/ml), and is incubated on sections for 30 min either before or after PFA fixation at room 
30 temperature for 20 min. Subsequently, the paraformaldehyde-f ixed sections are treated with 50 mM NH 4 CI in PBS for 
20 min, and solubilized with 0.1% Triton X-100 for 5 min. Counterstaining with FITC-phalloidin and Hoechst dye as 
described above. Normal tissue is overall negative, except for a faint staining that was sometimes observable in the 
crypts, and occasional staining of single cells within the normal tissue. These cells may constitute enteroendocrine / 
lymphatic cells, based on morphological criteria. In contrast, tumors are strongly stained. 

35 

1 .3: Orally administered STxB reaches intestinal tumors in vfvo 



[0064] A pilot experiment is undertaken with a color marker to follow the distribution of injected fluid in the murine 
intestine: 0.5 ml of trypan blue is injected. The animal is sacrificed after 45 min, and the intestinal tract is removed and 
analyzed for distribution of trypan blue. The blue staining has clearty progressed through the largest part of the small 
intestine. 

[0065] Two animals are then injected with STxB, using in one animal a dose of 0.5 ml of a 1 mg/ml solution (animal 
A), or a smaller dose of 0.5 ml of a 0.1 mg/ml solution (animal B). A flexible plastic needle with a length of 40 mm and 
a diameter of 0.4 mm is used (Marquat Genie Biomedical, Boissy St Leger, Reference V01 0440). STxB is purified from 
bacteria (Mallard and Johannes, 2002) and diaryzed against PBS before injection. Animals are injected in the oesopha- 
gus with a single dose of 0.5 ml of a solution of varying concentrations STxB in PBS without anaesthesis. After the 
force-feeding, animals are kept for various time points and are allowed to feed with standard diet and water ad libitum. 
[0066] At 2.5 hours post-injection, the mice are sacrificed by cervical dislocation and tissues are removed for sub- 
sequent analyses. Tissue samples are taken along the intestinal tract, as well as tumors from each animal. The resected 
normal and tumoral tissue are prepared for cryosections, or processed for lipid extraction and subsequent overlay 
experiments, as described above. Animals are analyzed on serial cryosections with the monoclonal as well as the 
polyclonal antibodies for STxB. Mouse tissues embedded in Tissue-tek OCT (Sakura) are cut in serial sections at 5 
urn thickness, air dried, and fixed with 3% paraformaldehyde at room temperature for 20 min. The paraformaldehyde- 
fixed sections are treated with 50 mM NH 4 CI in PBS for 20 min, and solubilized with 0.1% Triton X-100 for 5 min. 
Antibodies used are: monoclonal and polyclonal antibodies specific for STxB, diluted 1/100 (Falguieres et al., 2001), 
mAb anti-Villin ID2C3 (Dudouet et al., 1987), anti-Ki67 pAb (Novocastra), polyclonal antiserum anti-chromogranin A/ 
B (ProGen, Heidelberg), secondary antibodies were goat anti-mouse IgG and goat anti-rabbit IgG coupled to Alexa488 
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or Cy3 (Jacks n Immunoresearch), TRITC-phaJlotdin (Sigma) to visualize actin, and th dye Hoechst 33258 (Sigma) 
to stain nuclei. 

[0067] Tumoral regions are identified by standard histological criteria, and th yarepositiv for the proliferative marker 
Ki67. Epithelial cells are identified with a monoclonal anti-villin antibody. No STxB staining is observable in normal 

5 intestinal eptth Hal cells (Figur 1 ), but strong staining occurrs in some occasional singl cells that are interspersed in 
the epithelial layer, and present morphological charact ristics of enteroendocrine cells, and are found to be positive 
for chromogranin A/B staining, a marker of enteroendocrine cells (Figure 2). Furthermore, a few cells are labeled that 
might be of lymphatic origin (macrophages or dendritic ceils). This staining pattern is found in the duodenum, jejunum, 
and ileum, but is absent from the colon. Peyer*s patches are also essentially unmarked . A periampullar adenocarcinoma 

io from animal A is very strongly labeled (Figure 1). The labeling comprises about 50% of the whole tumor surface area, 
and is found in epithelial cells lining trabecular or glandular structures. Furthermore, stromal regions with signs of 
inflammation sometimes show staining, labeled cells are of putative lymphoid origin. The stroma is otherwise negative. 
However, two different lesions from the same animal are negative, apart from the staining in cells of putative lymphoid 
origin in the stroma. The animal, B receives the weaker dose of STxB and shows essentially the same results, normal 

'5 tissue is negative with the exception of a few single cells. A periampullar tumor is not marked, but a second tumor from 
the duodenum is labeled in tumor cells of epithelial origin (as evidenced by anti-villin staining). However, the overall 
intensity of the staining is markedly decreased as compared to animal A (dosis of 1 .0 mg/ml). 

1 .4: STxB is retained in the tumors after an incubation period of 24h 

20 

[0068] Two animals are injected with 0.35 ml of a 1 mg/ml solution of STxB in PBS. The mice are sacrificed after 24 
hours. Tissue samples are taken from control tissue (liver), and the intestinal tract: duodenum, jejunum, ileum, proximal 
colon. Tumors are isolated from both animals, and prepared for cryosections, and stained with polyclonal Ab anti-STxB 
and anti-chromogranin A/B. Even after 24 hours, STxB is still detectable in occasional cells in the otherwise negative 
25 epithelium, and is still very strongly present in tumors (Figure 3). No staining is observable in liver sections from both 
animals (Figure 4). 

EXAMPLE 2: IN VIVO DIAGNOSTIC BY MRj 

30 2.1 : Synthesis and coupling of porphyrin (contrast agent) to STxB-Cys 

[0069] A contrast agent that is commonly used for RMI studies are paramagnetic metal loporphyrins. To target a 
hydrophilic porphrin to tumor cells, the following substance is synthesized. 

[0070] The porphyrin I (Figure 6) is prepared by condensation pyrrole, para-2,3,4,6-tetraacetyl glucosyloxy benzal- 

35 dehyde (Halazy et al., 1 990) and -bromo- para-tolualdehyde (Wen et a!., 1 997) in high yield (31 %) by Lindsey's method 
(Lindsey et, al., 1987). Compound I is purified by silica gel preparative thin layer chromatography eluted by a mixture 
of methylene chloride/acetone (1071, v/v) and characterized by physical methods. Microanalysis for C^H^Brt^Oso, 
3 H 2 0 C, 58.03; H, 5.09; N, 5.09 found C, 58.07; H, 4.77; N, 2.74, UV-visible spectrum in methylene chloride xmax 
(nm), (e mmole- 1 cnr 1 ) 41 9.5 (414.3), 516 (1 7.9), 552 (10.5), 591 (6.9), 647 (5.9), 'H NMR spectrum in CDCI3 8 (ppm) 

40 8.88 (s, 8 H, pyrrole), 826 (d, 2 H, ortno-phenyl), 8.16 (d, 6 H, ortrx>-phenoxy), 7.82 (d, 2 H, /nefa-phenyl), 7.42 (d, 6 
H, mete-phenoxy), 5.50 (m, 9 H, H "ose"), 5.33 (m, 3 H, H "ose"), 4.88 (s, 2 H, CH 2 Br), 4.45 (dd, 3 H, HC^ "ose"), 
4.33 (d, 3 H, HC^ "ose"), 4.08 (m, 3 H, HC 5 "ose"), 2.24 (s, 9 H, acetyl), 2.14 (s, 9 H, acetyl),2.13 (s, 18 H, acetyl), 
-2.79 (s, 2 H, NH). Glycoconjugated compound II (Rgure 6) is obtained quantitatively from I by treatment with MeONa/ 
MeOH (Zemplen, 1927). UV-visible spectrum in DMSO xmax (nm), (e mmole 1 cm" 1 ) 422 (373.7), 517.5 (16.2), 554 

45 (11 .5), 592.5 (6.7), 649 (6.6), 1 H NMR spectrum in DMSO dg 6 (ppm) 8.87 (s, 6 H, pyrrole), 8.82 (s, 2 H, pyrrole), 8.24 
(d, 2 H, ortnoi)henyl, J = 7.9 Hz), 8.13 (d, 6 H ortno-phenoxy, J = 7.9 Hz), 7.89 (d, 2 H, mefa-phenyl, J = 8.3 Hz), 7.48 
(d, 6 H, meto-phenoxy, J = 8 Hz), 5.7 (s, 2 H, CH 2 Br), 5.23 (d, 3 H, HC, "ose"), 3.82 (d broad, 3 H, HC^ "ose"), 3.54 
(m, 3 H, HCga "ose"), 3.42 (m, 3 H, HC 3 "ose"), -2.91 (s, 2 H, NH), 13 C NMR spectrum in DMSO 5 (ppm) 157.4 
(para-C phenoxy), 141 (meso-Cphenyl), 137 (pare-C phenyl), 135.1 (meso-C and meta-C phenoxy), 134.5 (ortho-C 

so phenyl), 131 (OH pyrrole), 127 (mefa-C phenyl), 120 (meso-C)114.3 (ortho-Cor meta-C phenoxy), 100.5 (Cj "ose"), 
73.5 (C 2 "ose"), 60.7 (Cg "ose"), 45.7 (CHgBr), MALDI-TOF Calc; for C63H 61 BrN 4 0 18 1 240.32, found M + 1 1241 .48. 
[0071 ] For coupling of compound II or ll-M to STxB/Cys, 3 mg/ml of STxB/Cys in 1 0 mM borate pH 9.0, 75 mM NaCI, 
50% DMSO is incubated for 2 hours at room temperature with a 5-fold excess of compound II or ll-M. Coupling is 
verified by MALDI-TOF, and coupled protein is purified by gel filtration and stored at -80° C. 

55 

2.2: Coupling of BSA to STxB/Cys and binding to nanoparticles (orferrofluid; contrast agent) 

[0072] 20 mg/ml of purified bovine serum albumine (BSA) in 1 00 mM HEPES, pH 7.4, is incubated with 1 mM of the 
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het robifunctlonal cross linker MBS for 30 min at room temperature. The reaction is passed through a PBS/EDTA 1 0 
mM equilibrated gel filtration column. Eluted BSA is concentrated to 20 mg/ml. 1 volum of STxB/Cys at 3.5 mg/ml in 
PBS/EDTA is mixed with 1 volum of activated BSA and incubated over night at room temperature. The coupling 
product is purified by passage over an anti-STxB immunopurification column and a MonoQ anion exchange column. 
5 According to Western analysis, th product is essentially pure. Binding f STxB/Cys-BSA to nanoparticles is don as 
described (Wiihelm et a!., 2002). 

2.3: Non-invasive imaging of Gba distribution 

10 Principle 

[0073] Monitoring of Gbg distribution by MRI techniques requires administration of a compound composed of the 
receptor specific molecule, STxB, linked to an appropriate paramagnetic contrast agent (ferrofluid or porphyrin). Ac- 
cumulation of this targeted contrast agent at the fixation site locally modifies the water relaxation rates R1 ,R2,R2* 
*5 leading to MRI signal modification using T1 and/or T2 and/or T2* weighted imaging sequences. Significant signal 
difference in images acquired before and after administration of the contrast agent depicts the regions of Gb 3 over- 
expression when non-specific accumulation can be excluded. The protocol can be applied to different tumor types 
over-expressing Gb 3 . The typical measuring procedure described hereafter is optimized for imaging intestinal tumors 
developed by our transgenic mouse model. 

20 

image acquisition 

[0074] Tumors are first detected by MRI in a screening session without contrast agent administration. Imaging is 
performed on a high field mini-imaging system, in our case a Bruker Biospec 47/30 system equipped with a 4.7 Tesla 

25 horizontal magnet. For that, the mouse is anaesthetized (preferred anaesthetic: isoflurane) and placed in a cradle in 
supine position. Tubes containing circulating warm water are placed close to the animal in order to maintain body 
temperature. The animal is introduced in an MRI probe adapted to the size of the animal. Our preferred probe is a 
home-made slotted cylinder type probe (d = 44 mm). A tube containing a water solution with adjusted R1/R2 relaxation 
rates is also introduced into the MRI probe and serves as an external signal intensity reference. Respiratory triggering 

30 has to be performed in order to obtain images of the abdominal region with minimal motion artifacts. Several approaches 
for respiratory triggering in the mouse exist. Our preferred high sensitivity triggering device is home-made and is based 
on an inflatable chamber placed on the mouse abdomen and connected to a pressure transducer which delivers the 
trigger signal via appropriate electronics to the MRI system. Tumor detection is performed by means of a 3D T2 weighted 
fast spin echo imaging sequence with a field of view covering typically the liver and the intestinal region. Under these 

35 conditions tumors appear as hypersignal regions. The image resolution is typically 0.1x0.1x0.5 mm 3 . Tumors are lo- 
calized with respect to anatomical markers, for example the stomach - intestine junction. Tumors are then imaged with 
T1 and T2* weighted fast gradient echo sequences. This terminates the first imaging session. 
[0075] The second imaging session is performed on the same mouse after administration of the contrast agent 
(preferred administration: oral). The imaging protocol matches exactly that of the first imaging session. 

40 

Image analysis 

[0076] Regions of interest (ROIs) covering the tumors are defined on co-localized slices from the two imaging ses- 
sions. Mean intensities of the ROIs are measured and normalized with respect to intensity of the external reference. 
45 Significantly different signal intensity detected in tumors after contrast agent administration demonstrates therefore 
Gbg over-expression. 

EXAMPLE 3: TUMOR TREATMENT 

so 3.1 Treatment by Dynamic Phototherapy 

[0077] Human tumor cells (either HT29 colon carcinoma or Hela cervix adenocarcinoma) are cultivated in Dulbecco's 
MEM supplemented with 10% fetal calf serum (FCS). Cells from log-phase culture are seeded in 96-microwell plates 
(0.2 mL-SxIO 4 cells/well) and kept at 37°C in a water-jacketed incubator for 3 hour under an air/C0 2 atmosphere (5% 
55 CO2). Tested compounds are added underthe minimum volume. Plates are incubated 3 hours, then medium is removed 
and cells are washed twice with phosphate buffered salin (PBS) before addition of fresh medium free of drug. Irradi- 
ation with visible light (2Mcm 2 ) is performed through th bottom of the elates using a home made "light box" fitted with 
an orange filter (0% T at 520 nm and 80%T at 590 nm and above) leading to a fluence of 2 mW/ cm 2 . Plates are 
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incubated for three days b for evaluation of th cell survival using th MTT assay (Mosmann, 1983) using 30 min 
incubation with 10 jig/well of 3-[4,5-dimethyrthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma). After removal 
of the medium, formazan crystals ar taken up with 100 nL of DMSO and absomance at 540 nm are measured with 
a Bio-Had microplate reader (Model 450). Survival is expressed as % of untreated controls. 
5 [0078] Comparison between treatm nt with free porphyrin or with STxB-porphyrin conjugate either on H La-Gb 3 + 
cells, HT29 cells (with low expression of Gb^ or fully GD3 xpression inhibited HeLa cells allows to verify th specific 
dye targeting by STxB. 

3.2 Treatment by Neocarzinostatin: 

10 

a) Purification of neocarzinostatin 

[0079] Holo-NCS is purchased from Nippon Kayaku Co. (Tokyo, Japan) and purified as described (Favaudon, 1 983). 
Purified holo-NCS is diaryzed against distilled water acidified with 1 mM acetic acid, ryophilized to dryness and stored 
is inthedarkat-80°C. 

[0080] The holo-NCS preparation is > 98% pure from isoelectric focusing (pH 2.5-4.5 gradient) on pofyacrylamide 
gel and free from contaminating apo-NCS from absorption and fluorescence spectrocopy. NCS Chrom is mostly (> 90%) 
in "A" form according to the nomenclature of Napier etai. (Napier et al., 1981). 

[0081] Holo-NCS solutions are titrated by absorption spectrophotometry using the molar extinction coefficients, 
20 namely, 6277 = 14.4 mM^.cnr 1 for apo-NCS and, for holo-NCS, 6273 = 35.4 mrvKcnrr 1 and 6340 = 10.9 mM" 1 .cm- 1 

b) Coupling of apo-NCS to STxB-Cys 

[0082] 20 mg/ml of purified apo-NCS in 100 mM HEPES, pH 7.4, is incubated with 1 mM of the heterobifunctional 
25 cross linker MBS for 30 min at room temperature. The reaction is passed through a gel filtration column equilibrated 
with PBS containing 10 mM EDTA. Eluted activated apo-NCS is concentrated to 20 mg/ml. One volume of STxB/Cys 
at 3.5 mg/ml in PBS/EDTA is mixed with 1 volume of activated apo-NCS and incubated over night at room temperature. 
The coupling product is purified by passage over an anti-STxB immunoprufi cation column and a gel filtration column. 
According to Western analysis, the coupling product, termed apo-NCS/STxB is essentially pure. 

30 

c) Incorporation of NCSQf^^ into the apo-NCS/ STxB conjugate 

[0083] 1 ujnole of lyophilized holo-NCS powder (1 1 .3 mg dry weight) is suspended in 1 ml anhydrous, ice-cold meth- 
anol acidified with 1 N HCI, and incubated for 10 min with vortexing every 2 min followed by centrifugation (10 min at 
35 1 1 ,000 g). The supernatant fraction containing free NCS^^ is recovered and titrated by absorption spectrometry as 
described (Favaudon, 1983). The whole procedure is performed at ice temperature in the dark. The yield of NCSq^^ 
extraction is close to 50%. 

[0084] Six nmole of the apo-NCS/STxB conjugate in 1 ml PBS buffer, pH 7.4 are cooled in ice and mixed under 
vortexing with a 10-fold molar excess of NCS^,^ from the above preparation. A precipitate is formed, due likely to 

40 the acid pH or to the low solubility of free NCS^^ in aqueous medium. The preparation is centrifuged (1 0 min, 1 1 ,000 
g). The supernatant fraction is loaded onto a 1 .0x20 cm column of Sephadex G-25 equilibrated with 20 mM phosphate 
buffer, pH 6.4. The pellet is redissofved in 500 jxl of the same buffer, and pooled on the column with the first, supernatant 
fraction. Elution is performed in 20 mM phosphate buffer, pH 6.4. All operations are performed in the dark at 4°C. The 
collected fractions are checked by absorption spectrophotometry; fractions containing protein (detected by an absorb- 

<5 ance at 280 nm) present an absorption band centered at 340 nm, typical of protein-bound NCS^^ (Figure 7). 

[0085] The protein fractions are pooled, concentrated by centrifugation over a Centncon® centrifugal filter unit (3.000 
Da cutoff), sterilized by filtration over a Millex® unit (0.2 jim pore size) and stored in the dark at liquid nitrogen tem- 
perature (for prolonged storage it is recommended to lower the pH down to pH 5.0). The final concentration of the 
reconstituted holo-NCS/STxB is 9.8 u.M relative to the absorption of protein-bound NCSc^jn at 340 nm. 

so 

d) Cytotoxicity assays 

[0086] Human cervix adenocarcinoma HeLa cells are maintained as exponentially growing monolayers in Dulbecco 
modified Eagle's minimum essential medium with 4.5 g/l glucose, 0.1 g/J pyruvate, 10 5 Ul/l penicilline, 0.1 g/l strepto- 
55 mycine, 0.86 g/1 Glutamax I and 1 0% v/v foetal calf serum (37°C, 5% C0 2 ), without or with 5 u.M DL-threo-1 -phenyl- 
2-hexadecanoy1-amino-3-morpholino-1 -propanol (PPM P) to inhibit GD3 expression. When present, PPMP is introduced 
into pre-cuftures for at I ast 6 days prior to cytotoxicity assays and is present for up to drug wash. 
[0087] Cytotoxicity assays are performed in parallel using HeLa cells subcultured with or without PPMP. Briefly, cells 



11 



EP 1386 927 A1 



ar seeded at a density of 800 cells (25 cm 2 flasks) and incubated 4 hours prior to treatment t permit adhesion and 
spreading. Care is taken to avoid contamination of seed cell suspensions by clusters, as their presence Introduces 
major rrorsinth measurem nt of clonogenicity. 

[0088] For determination of the cytotoxicity of holo-NCS or holo-NCS/STxB, sterile aliquots of drug are thawed im- 
5 mediat ly prior to use, adjusted to th suitabl concentration in pH 6.0 PBS and immediately introduced into culture 
flasks. All experiments are carried out in dim light to prevent photodecomposition of drugs. 

[0089] The inventors observe that full cytotoxic effect of holo-NCS develops within 6 min incubation only (37°C), and 
increasing the length of contact with drug beyond that time does not result in increased cell kill. For this reason the 
length of exposure to drug was limited to 15-min throughout. 
10 [0090] Following treatment, the flasks are washed twice with Hank's balanced salt solution, supplied with fresh me- 
dium, and returned to the incubator for 8 days. Colonies are then fixed with methanol, stained and scored. 

e) Cytotoxicity against HeLa ceils 

is [0091] It is first verified that the cytotoxicity of holo-NCS remains unchanged after its coupling to STxB/Cys. Using 
holo-NCS and holo-NCS/STxB, the concentration of drug that kills 50% of the cell population, is 0.71 ± 0.05 nM. The 
cytotoxicity of holo-NCS and holo-NCS/STxB is then investigated at 0°C without and with PPMP using a lethal con- 
centration of NCS (4 nM). The rationale of this experiment is that holo-NCS is known to be inactive at low temperature 
(Kappen et al., 1 980) while STxB is still able to bind and saturate its receptor under these conditions (Johannes et al., 

20 1 997), and is expected to be internalized upon wanning up. 

[0092] Seeded cells in flasks are cooled in ice for 15 min prior to exposure to holo-NCS or holo-NCS/STxB. The 
drugs (4 nM) are then introduced and incubated for a further 15 min in ice. At that time, the medium is removed by 
aspiration, and the flasks were carefully rinsed twice with ice-cold Hank's balanced salt solution to remove drugs. The 
flasks are finally supplied with ice-cold, drug-free medium and allowed to re-equilibrate at room temperature, then 

25 incubated at 37°C for 8 days. Blanks are made to check that no toxicity is introduced by chilling the cells for the duration 
of the experiment. The results are shown in Figure 8. 

[0093] Survival to holo-NCS is in the range 90% or more. Therefore, a low temperature effectively abolishes the 
cytotoxicity of holo-NCS. In contrast, the holo-NCS/STxB is still active at 0°C, in such a way that cell survival is ca. 
30% only. PPMP induced marked resistance to holo-NCS/STxB. 
30 [0094] Altogether, the experiment show that STxB is able to carry out drug incorporation into cells under conditions 
that limit drug uptake by other routes. As the number of receptor sites of STxB at the ceil surface is limited, it is suggested 
that the method will work specifically with drugs acting in the nanomolar range. 

[0095] In this study we expand the use of STxB as a vector to specifically target tumor cells, and we successfully 
tested the targeting in mouse models for colorectal cancer. We show that STxB can be orally administered to mice, 

35 where it reaches intestinal tumors within 2.5 hours, and shows strong concentration in tumor tissue as compared to 
control tissue (liver) and normal intestinal tissue. Furthermore, STxB is retained in the tumors even after an incubation 
period of 24h. Functionalized STxB is a valuable tool to test novel diagnostic and therapeutic approaches. It is used 
to study early events in tumor formation in the bowel, which have proven difficult to be visualized with other techniques. 
RMI studies are undertaken before and after application of a contrast agent bound to STxB in order to better distinguish 

40 the tumor from its surrounding tissue. Furthermore, longitudinal studies based on non-invasive imaging techniques are 
executed with this functionalized agent. Finally, the contrast agents used on human tumors that are grafted orthotop- 
ically in the caecum of immunocompromised nude mice. 

[0096] Furthermore, novel compositions are made using STxB as a carrier that allow for targeting of therapeutic 
compounds to Gb3 expressing tumors. The effect of these compositions on tumor cells in vitro, on tumors in the de- 
45 scribed animal models, and on human tumors has been demonstrated. 
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35 

Claims 

1. Hybrid compound for the diagnostic or therapy of cells over-expressing the receptor GD3 having the following 
40 formula: STxB-Z( n)-Cys-Y(m)- T wherein 

STxB is the Shiga Toxin B subunit or a functional equivalent thereof, 
Z is an amino-acid devoided of sulfydryl group, n being 0, 1 or a polypeptide, 
Cys is the amino-acid Cysteine, 
45 t is a molecule linked by a covalent bound to the S part of Cys, selected in a group comprising of: 

agents for in vivo diagnostic, 
cytotoxic agents, 
prodrugs, 

so enzymes for the conversion of a prodrug to a drug, 

Y is a linker between T and Cys, said linker being cleavable or not for the releasing of T after the internalization 
of the hybrid compound into said cells, m being 1 or 0. 

55 2. Hybrid compounds according to claim 1 wherein n = 0; 

3. Hybrid compounds according to claim 1 or 2 wherein T is a contrast agent for MRI selected in a group comprising 
paramagnetic compounds, such as porphyrin-gadolinium, porphyrin-manganese, synthetic polymer gadolinium, 
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gadolinium-ethoxybenzy Wiethylenemamin p ntaacetic acid, DOPTA-gadolinium, ferrofluide and nanoparticules. 

4. Hybrid compounds according to claim 1 or 2 wher in m = 1 and T is selected in a group comprising cytotoxic drugs 
such as anthracydins (daunomycin, doxorubicin, daunorubicin), idarubicin, cis-platinium, mitomycin C, desacetyl- 

s vinblastine, methotr xat , N-acetytm Iphan, 5-fIuorouracil, nitrogen mustards, calicheamicin, maytansin dids, 

conjugated with an enzyme-sensitive linker; 

nucleotide analogs which can stop DNA replication such as ganciclovir or acyclovir, 
amidoximes. 

10 

5. Hybrid compounds according to claim 1 wherein the linker Y is an enzyme cieavabie linker selected in a group 
comprising reduced and non-reduced folates deavable by carboxypeptidase G, phosphate groups from phospho- 
rylated prodrugs deavable by alkaline phosphatase, hydrolytic cieavabie compounds by carboxypeptidase A, ni- 
troreductase for prodrug activation, hydrolysis of lactam ring deavable by beta-lactamase, amide deavable by 

'5 penicillin amidase, cytosine deamidase for prodrug activation, glucoronic add deavable by beta-glucoronidase, 

galactose deavable by galactosidase, man nose cieavabie by mannosidase. 

6. Hybrid compounds according to daim 4 wherein the enzyme is endogenous in the over-expressing Gb 3 cell or is 
internalized with a second hybrid compound of claim 1 wherein T is said enzyme. 

20 

7. Hybrid compounds according to claim 1 wherein T is an enzyme selected in a group containing peptidases, thy- 
midine kinase de HSV,, lipases, glycosidases. 

8. Hybrid compounds according to claim 1 wherein T is a photosensitizing drug for dynamic phototherapies. 

25 

9. Hybrid compounds according to claim 8 wherein the drug is selected in a group comprising Photoform®, forean 
®, glycoconjugated tetrapyrrolic macrocycle such as porphyrin. 

10. Hybrid compounds according to daim 1 wherein T is holo-Neocarzinostatin. 

30 

11. Use of an hybrid compound according to claim 1 to 3 as a contrast agent for the in vivo diagnostic of tumors 
expressing GD3 receptor 

12. Use according to claim 11 wherein the tumor is intestinal tumor. 

35 

13. Use of an hybrid compound according to daim 1 as a drug for treating or killing tumor cells over-expressing Gb 3 
receptor. 

14. Use according to daim 13 wherein said tumor cells as intestinal tumor cells. 

40 

15. Pharmaceutical composition containing at least one hybrid compound according to daim 1 to 1 0 an pharmaceutical 
acceptable carrier. 

16. Pharmaceutical composition according to claim 15 containing a first hybrid compound wherein T is a prodrug and 
45 a second component for transforming the prodrug into a toxic drug. 

17. Pharmaceutical composition according to daim 1 6 wherein the second component is an hybrid compound accord- 
ing to daim 1 wherein T is an enzyme for transforming said prodrug into a toxic drug. 

so 18. Pharmaceutical composition according to claim 16 or 17 wherein the two compounds are administered simulta- 
neously or sequentially. 



55 
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Figure 1 
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Figure 2 
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Figure 4 
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M = Mn(lll), Gd(lll), ... 



Figure 5 
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Figure 7 
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Maldmkte Reaction Scheme 
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